Introduction {#S0001}
============

Patients with diabetes mellitus (DM) have a three to four times higher risk of suffering a cardiovascular event and two times higher mortality rates compared with the general population.[@CIT0001] However, there is heterogeneity in the classification of cardiovascular risk (CVR) in this group. There is a wide variety of cardiovascular outcomes in this population, even in asymptomatic individuals, who could benefit from strict clinical control and treatment goals.

Regarding cardiovascular exams, there is no consensus on which should be requested for the detection of subclinical coronary artery disease (CAD) in asymptomatic patients with T2DM. The 2018 recommendations of the American Diabetes Association (ADA)[@CIT0002] reinforce that routine screening for CAD for asymptomatic patients should not be performed. However, it recommends that classic risk factors (hypertension, dyslipidemia, smoking, chronic kidney disease, albuminuria, and family history (FH)) of early CAD should be accessed annually and intensively treated. Despite the paradigm that aggressive treatment of risk factors for cardiovascular disease in DM is sufficient, the use of 10-year CVR stratification scores has greatly improved in the past decade and has enabled the reduction of morbidity and mortality in this population.[@CIT0003]

Considering that CVR is multifactorial, the search for non-classical risk factors may contribute to the refinement of events prediction, especially in asymptomatic patients. Among non-traditional risk factors, thyroid function has assumed relevant importance due to its close relationship with heart function. Thyroid dysfunction, even if subclinical, has significant effects on cardiovascular function.[@CIT0004] It is recognized that both subclinical and clinical hypothyroidism, the two most prevalent thyroid dysfunctions, may be considered confounding factors for cardiovascular disease and metabolic syndrome.[@CIT0005] However, the mechanisms that may regulate progression to cardiovascular disease are not fully understood, especially in cases of subclinical hypothyroidism.[@CIT0006] TSH levels may also correlate directly with the carotid intima-media thickness (CIMT), an early marker of subclinical atherosclerosis in patients with subclinical hypothyroidism and overt hypothyroidism.[@CIT0007],[@CIT0009] Another study described[@CIT0009] that CIMT is independently associated with thyroid function even within the normal reference range, suggesting an increased CVR even in subjects with normal thyroid function.

The determination of vascular age (VA), which acts as a "window" in correspondence to the coronary arteries, has been shown to be an effective tool in the detection of preclinical coronary disease.[@CIT0010] Many clinical and epidemiologic trials that used CIMT-determined VA provided a chance to adjust a patient's chronological age (CA) into his atherosclerotic burden.[@CIT0011],[@CIT0012] The replacement of the patient\`s CA in the Framingham risk score to the VA corresponding to the 50th percentile of the CIMT is another possibility to better predict CVR in patients with and without DM.[@CIT0011] The use of these tools, for detecting and improving the accuracy of CVR independently of classically known risk factors should be reinforced because it could result in risk reclassification.

The aim of the study was to evaluate the relationship between CIMT-determined VA, CVR scores, and thyroid function in asymptomatic patients with type 2 diabetes (T2DM).

Patients and Methods {#S0002}
====================

This was an observational, cross-sectional, single-center study with 154 consecutive patients with T2DM who regularly attended a tertiary diabetes outpatient unit at Policlinica Piquet Carneiro, State University of Rio de Janeiro (PPC/UERJ), from March 2014 to December 2018. The study protocol was approved by the Institutional Research Ethics Committee, by the number CAAE:31940114.8.0000.5259.

The inclusion criteria were: duration of T2DM longer than 12 months, patients older than 18 years old, without symptomatic cardiac diseases (that means without previous history of coronary heart disease (CHD) or symptoms of CHD: angina, shortness of breath, and fatigue; without history of cerebrovascular disease or peripheral arterial disease), without insulin use in the first year after diagnosis, and without history of ketosis or ketonuria. The exclusion criteria were: positive response to the short version of the Rose angina questionnaire,[@CIT0013] previous history of atherothrombotic events, patients who were unable to understand and/or sign the informed consent form, pregnant women, lactating women, chronic alcoholism, congestive heart failure, severe acute or obstructive respiratory failure, infection, patients with previous thyroid diseases, patients with recent interventions such as pulse therapy with corticosteroids, radioiodine, use of amiodarone, diabetes-related acute complications and hospitalization within the last 6 months. Written informed consent for the study was obtained from all patients.

All patients underwent a clinical exam, anthropometric measurements, demographic survey, laboratory evaluation, and carotid ultrasound to determine CIMT. The following variables were assessed: gender, age, self-reported color, race, duration of DM, BMI, blood pressure (systolic and diastolic), smoking, and familiar history of (in first and second-degree relatives): T2DM, obesity, hypertension, premature coronary artery disease and thyroid diseases (hypothyroidism, hyperthyroidism, thyroid cancer and nodules). Data on comorbidities, such as hypertension (defined as the use of antihypertensives and/or BP\> 140x90 in more than two measurements in sitting, lying, and standing position), dyslipidemia (defined as the use of statins), diabetic neuropathy, chronic renal disease, and diabetic retinopathy (DR) were also obtained. Blood samples were collected for biochemical analysis: glycemia, total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol---all by enzymatic colorimetric method (A15 analyzer, BioSystems); HbA1c by high-performance liquid chromatography (D10, BioRad); and free thyroxine (FT4) and thyrotropin (TSH): all by electrochemiluminescence (Cobas Elecsys20/10, Roche Hitachi). The reference values and intra-assay and inter-assay coefficients of variation (%) were, respectively: 0.93 to 1.7 ng/dL, 1.8% and 3.0% for FT4; 0.27 to 4.20 μUI/mL, and 1.9% and 2.2% for TSH. LDL cholesterol was estimated indirectly by use of Friedwald's formula when triglycerides were ≤400 mg/dL.[@CIT0014]

Renal function was estimated by the CKD-EPI equation[@CIT0015] and was expressed as glomerular filtration rate (GFR) in milliliters per minute per 1.73m^2^ (mL/min). We considered all patients as non-African- American in the CKD-EPI equation. Albuminuria analysis was performed in a random morning (spot). Patients were instructed to avoid physical activity before collecting the urine sample. Patients submitted to kidney transplantation and those with urinary infection or hematuria were excluded. This procedure was repeated 3 times with a minimum interval of one week between each collection and a maximum period of six months. Urine concentrations of creatinine and albumin were measured by immunoturbidimetry, and the results were expressed as mg/g. The albumin-creatinine ratio\>30 mg/g was considered altered. The mean of at least two samples was used for the diagnosis. Patients were divided into two groups, as having: Normal renal function or CKD. Patients with normal renal function had a GFR ≥60 mL/min and the absence of albuminuria. CKD was defined as a GFR \<60mL/min and/or the presence of albuminuria.[@CIT0016]

The screening for DR was performed by mydriatic binocular indirect ophthalmoscopy (BIO), which was performed by an experienced retinal specialist. The classification of DR for each patient was assessed for the eye with the highest level of commitment. Each eye was classified based on the absence or presence of DR. Regarding DR, patients were classified as: absent, non-proliferative diabetic retinopathy (NPDR), proliferative diabetic retinopathy (PDR) and macular edema, according to the international classification of DR.[@CIT0017]

For the analysis of 10-year CVR in patients with T2DM, the Framingham risk score (FRS) was applied.[@CIT0018] As proposed in the Framingham study, we classified the patients as follows: with a CVD risk between: 0% to 6% as a low-risk group, 6% to 20% as moderate-risk group, and \>20% as a high-risk group. Regarding CVR, the criterion of percentage of risk variation was used.

Arbitrarily, we used the 5% variation for men and 2.5% for women both for increasing or decreasing risk when comparing the risk calculated by CA to the risk compared to vascular age.

A single observer performed CIMT images in a dark, silent, air-conditioned room after resting the patient for at least five minutes. The exams were performed in the morning, in a room with penumbral light to facilitate the visualization of the structures in the monitor. We used Philips Eco-Collor Doppler ultrasound, model iE33, with an S5-1 (1--5MHz) sector heart probe and L11-3Hz linear probe (3--11MHZ). For the measurement of the CIMT, we used the semi-automatic edge detection program QLAB Advanced Ultrasound Quantification Software version 7.1, also from Philips brand. 3.5.1. Transverse sweeping of the carotids and their extra-cranial branches was performed bilaterally in search of visible plaques. After this, with the transducer longitudinal to the carotid, the CIMT was measured bilaterally in the distal wall of the common carotid artery ten millimeters proximal of the bulb, in three different angulations: posterior, lateral, and anterior. The boundaries of the intima-media layer were defined from the edge of the first ultrasound signal in the lumen of the vessel to the edge of the second ultrasound signal between this layer and the tunica-albuginea. The mean of the measurements of the 3 angulations was used to determine the mean CIMT. All images were obtained in accordance with the recommendations of the American Society of Echocardiography.[@CIT0010]

VA was determined according to the normality tables derived from the ARIC study.[@CIT0019] VA was determined as the age at which the mean CIMT value for each side (right and left) represented the median value (50th percentile) of its given ethnic group and gender. The maximum VA was considered 89.80 years for women and 82.74 years for men. These values were derived from the average life expectancy of Brazilian women and men, respectively, with addition of one decade.[@CIT0020] The greater VA was used in the occurrence of divergence between both sides. The FRS[@CIT0018] was used for the stratification of CVR. Initially, it was calculated using the CA and, later, with the greater VA calculated in substitution to the CA.

Statistical Analysis {#S0003}
====================

Exploratory data analysis was performed at first. The continuous variables were described using means and standard deviation ((SD) or medians and interquartile range \[IQR\]) and numbers with relative frequencies for categorical variables. Normality of data was evaluated by Kolmogorov--Smirnov test. The variables without normal distribution were logarithmized. The chi-square test (X2) and Fisher's exact test were used to evaluate the relationship between categorical variables in groups. Comparisons between independent continuous variables were performed using independent *T* test, ANOVA (with Sidak correction), and Mann--Whitney or Kruskal--Wallis when appropriate and between continuous dependent variables by paired *T* test or Wilcoxon rank test, when indicated. Multinomial logistic regression model was used to analyze variables related to the categories of Framingham score risk reclassification. Through the exponentiation of the coefficients (betas), the relative risk ratio (RRR) was obtained. The RRR of a coefficient indicates how the risk of the outcome falling in the comparison group compared to the risk of the outcome falling in the referent group changes with the variable in question.[@CIT0021] Simple multinomial logistic regression models were adjusted for each independent variable, and those with a p-value of up to 0.20 were selected. In the multiple multinomial regression, all the variables selected in the previous step were taken. The variables, non-significant at 0.05, were removed one by one; remaining in the final model were only the variables with p-values less than or equal to 0.05 in at least one of the categories. The regression models were adjusted using statistical software. Analyses were performed using SPSS version 24 (SPSS, Inc., Chicago, Illinois, USA) and statistical software R (R Core TEAM, 2016). A two-sided p-value less than 0.05 was considered significant.

Results {#S0004}
=======

Overview of Demographic and Laboratory Data of the Studied Population {#S0004-S2001}
---------------------------------------------------------------------

A total of 154 patients, 59.7% female, were enrolled. The overview of the studied population and clinical and laboratory characteristics are presented in [Table 1](#T0001){ref-type="table"}. Table 1Clinical and Laboratory Characteristics of the Studied PopulationDatan=154Demographic data Females, n (%)92 (59.7) Age (years)54.6 ± 10.1 Age at diagnosis (years)42.3 ± 10.6 Known duration of diabetes (years)12.6 ± 8.3 Years of school attendance9.4 ± 4.3Self-reported color-race (White/non-White), n (%)39.6/60.4Positive Family history (FH) FH of type 2 diabetes, n (%)115 (74.7) FH of obesity, n (%)66 (42.9) FH of hypertension, n (%)119 (77.3) FH of premature CAD, n (%)59 (38.3) FH of known thyroid dysfunction, n (%)15 (9.7)Anthropometric data BMI (kg/m2)30.6 ± 5.3 SBP (mm Hg)132.1 ± 15.7 DBP (mm Hg)78.8 ± 9.7 HR (bpm)81.1 ± 13.3 Waist (cm)99.5 ± 11.6 WHR (cm)0.9 ± 0.09Classic cardiovascular risk factors Hypertension, n (%)116 (75.3) Dyslipidemia, n (%)133 (86.3) Current Smokers, n (%)13 (8.4) Sedentarism, n (%)109 (70.8) Current alcohol consumption, n (%)63 (59.1)Treatment data Basal insulin, n (%)85 (55.6) Metformin, n (%)145 (94.8) Statins, n (%)120 (77.9) Antihypertensive drugs, n (%)116 (75.3) Aspirin, n (%)53 (35.3)Chronic diabetes-related complications Retinopathy, yes, n (%)51 (33.6) CKD (GFR \<60mL/min and/or albuminuria), n (%)22 (14.3) Neuropathy (self-reported ou symptoms), n (%)75 (48.7)Laboratory data Fasting glucose (mg/dl)171.9 ± 85.2 HbA1c (%)8.1 ± 1.7 Total cholesterol (mg/dl)194.2 ± 61.7 Triglycerides (mg/dl)162 (41--820) HDLc (mg/dL)57.9 ± 17.9 LDLc (mg/dL)96.4 ± 41.4 TSH (µUI/mL)2.1 ± 1.4 FreeT4 (ng/dL)1.2 ± 0.2 CRP (mg/dl)0.5 (0.01--4.2) Uric acid (mg/dL)6.2 ± 2.2 Albumin (g/dL)4.7 ± 0.97 Albuminuria (mg/g)9.8 (0.2--374.1) GFR (mL/min/1.73m2)85.6 ± 25.Intima-media thickness data\* IMT on the right (mm)0.66 ± 0.14 IMT on the left (mm)0.66 ± 0.13 IMT on worst side (mm)0.70 ± 0.14 Vascular age using right CIMT (years)54.8 ± 13.9 Vascular age using left CIMT (years)54.1 ± 13.5 Vascular age using worst side58.6 ± 14.0Framingham risk score FRS19.5 ± 13.3 FRS with VA on worst side22.3 ± 17.2[^1]

Overview of Demographic and Laboratory Data of the Studied Population Stratified by CVR with CA and VA {#S0004-S2002}
------------------------------------------------------------------------------------------------------

Patients were stratified according to Framingham global risk score using CA and then VA into three groups: low, intermediate, and high risk. Only 152 patients underwent ultrasonography for CIMT measurement. The overview of this data is presented in [[supplementary Tables 1](https://www.dovepress.com/get_supplementary_file.php?f=251780.docx)]{.ul} and [[2](https://www.dovepress.com/get_supplementary_file.php?f=251780.docx)]{.ul}.

The variables that presented clinically relevant differences among low-, medium-, and high-risk patients stratified by Framingham risk score with CA were: WHR, statins use, free T4, triglycerides, albumin, GFR, and uric acid. The comparison between groups after corrections for multiple comparisons showed that WHR and triglycerides presented differences between intermediate- and high-risk groups (p=0.031 and 0.002, respectively); GFR and uric acid remained different among the three risk groups; and albumin was different between low- and high-risk groups (p= 0.029). Free T4 did not reach a significance level for multiple comparisons (p=0.07). Use of statins was different between low- and intermediate-risk groups (p=0.001).

The variables that presented differences among low-, medium-, and high-risk patients stratified by Framingham risk score with VA were: HbA1c%, triglycerides, GFR and uric acid. The comparison between groups after correction for multiple comparisons showed that uric acid and triglycerides presented differences between the intermediate- and high-risk groups (p = 0.008 and p = 0.013, respectively); GFR was different between low- and high-risk groups (p=0.011); and HbA1c% did not reach a significance level for multiple comparisons (p=0.072). The FH of obesity, hypertension and DM were not different between groups.

Overview of Demographic and Laboratory Data of the Studied Population After Reclassification When Using Both Scores {#S0004-S2003}
-------------------------------------------------------------------------------------------------------------------

Ninety-eight out of 152 (64.5%) patients had CVR concordant in both scores (n= 7 (7.1%) in low risk, n=55 (56.1%) in intermediary risk, n=36 (36.7%) in high risk; p\<0.001). A total of 54 (35.5%) patients in all risk categories were reclassified. Only 15 patients had IMT \> 0.9mm (9.8%). Almost all patients (94.8%) used metformin as a treatment for type 2 diabetes without difference among groups (p=0.573).

Twenty (13.2%) patients had the risk reduced, and 34 (22.4%) had the risk increased after the replacement of CA by VA in the score. Among the 14 patients who were in the low-risk category, seven (50%) were reclassified to intermediate-risk. Of the eighty-nine patients who were in the intermediate-risk category, seven were reclassified to the low-risk category, and 27 were reclassified to the high-risk category. Among the 51 patients in the high-risk category,13 were reclassified to intermediate risk. No patient in this group was classified as low- risk.

Thirty women (32.9%) had their risk reclassified: 21 (70%) reclassified to a higher risk class and nine (30%) for a lower risk class. Among men, 24 (39.3%) had their risk reclassified: 13 (54.2%) reclassified to a higher risk class, and 11 (45.8%) for a lower risk class. We did not observe difference between genders in the reclassification of the risk (p=0.26).

The median of the difference between VA and CA of male and female (median and interquartile range \[IQR\] was similar: 3.44 (−24.11 to 30.00) and 2.43 (−21.57 to 42.80)), respectively. Regarding the percentage of variation in CVR, we observed that 98 (64.5%) of all the patients presented this variation for both increased and decreased CVR. Males presented percentage of risk variation of 27% (n=41) and females a percentage of risk variation of 37.6% (n=57), without difference between gender.

Overview of Demographic and Laboratory Data of the Studied Population Considering Risk of Changing Category {#S0004-S2004}
-----------------------------------------------------------------------------------------------------------

Patients were divided into three groups according to risk of category change: maintenance, increased, and decreased. The maintenance group n=98 (64.5%) included the patients who had concordant risk in both scores. The decreased risk group n=20 (13.1%) included patients who had the risk reduced: intermediate to low or high to intermediate. The increased risk group n=34 (22.4%) included patients who had increased the risk from low to intermediate or intermediate to high. No socio-demographic, clinical or laboratory variables were associated with risk change. The overview of this data is presented in [[Supplementary Table 3](https://www.dovepress.com/get_supplementary_file.php?f=251780.docx)]{.ul}.

To analyze variables related to the different categories of CVR reclassification, the multinomial logistic regression model was used. A simple multinomial logistic regression was performed with all variables at first. The results are shown in [Table 2](#T0002){ref-type="table"}. Table 2Simple Multinomial Logistic RegressionIncreaseDecreaseRRR95% CIpRRR95% CIpDemographic data Known duration of diabetes (years)0.970.92--1.020.220.980.93--1.040.58 Years of school attendance0.960.87--1.060.400.950.84--1.070.42 FH of known TD3.371.09--10.460.030.680.08--5.890.73 FH of premature CAD1.780.81--3.900.150.280.08--1.020.05 Retinopathy1.840.75--4.520.181.100.0--4.300.86Anthropometric data BMI (kg/m2)10.92--1.080.941.030.94--1.130.58 Waist (cm)10.97--1.040.921.020.98--1.070.39 WHR (cm)2.640.05--147.770.6313.390.15--1209.040.26Classical CV risk factors Sedentary lifestyle0.770.34--1.760.542.380.65--8.750.19Treatment data Aspirin1.560.65--3.720.320.710.27--1.890.49 Statins2.471.1--6.080.051.230.36--4.160.73 Basal insulin0.820.38--1.810.630.730.28--1.920.52Laboratory data CRP (mg/dl)0.720.33--1.540.361.270.67--2.40.46 HbA1c %1.060.84--1.330.621.010.76--1.350.94 TSH (µUI/mL)0.990.74--1.330.971.030.73--1.460.85 FreeT4 (ng/dL)0.070.01--0.790.032.790.16--48.970.48 Triglycerides (mg/dl)110.3211.0--1.00.98 Albumin (g/dL)0.820.53--1.260.360.930.56--1.530.76 GFR (mL/min/1.73m2)1.010.99--1.020.4610.98--1.020.81 Uric acid (mg/dl)0.980.82--1.170.821.110.91--1.360.32 Albuminuria (mg/g)1.011.0--1.010.021.011--1.010.12[^2]

The variables selected for the final model were: FH for premature CAD, FH of known thyroid disease, retinopathy, use of statins, free T4, albuminuria, and sedentary lifestyle. The final model is demonstrated in [Table 3](#T0003){ref-type="table"}. Table 3Multiple Multinomial Logistic Regression- Final ModelIncreasepDecreasepBetaRRR95% CIBetaRRR95% CIFH of premature CAD0.8922.441.012--5.8810.046−1.4210.2410.063--0.9130.036FH of known TD1.6565.2431.480--18.5630.010−0.5510.5760.062--5.3070.626Statins1.0862.9641.128--7.7920.0270.2911.3380.383--4.6690.647Free T4−3.4340.0320.002--0.4320.0091.9356.9280.289--166.020.232[^3]

Discussion {#S0005}
==========

Our study carried on in a low-middle income country and in an admixed population, demonstrated that the use of CIMT for the calculation of VA allowed the reclassification of risk in 54 (35.5%) of the 152 asymptomatic patients with T2DM in all risk categories. Reclassification to a higher risk group was associated with FH of premature CAD, FH for thyroid disease, use of statins, and free T4. None of the variables associated with glycemic control and diabetes-related chronic complications influenced the reclassification of CVR.

The CIMT can be considered as a surrogate marker of atherosclerosis and is widely used to improve accuracy in the stratification of CVR.[@CIT0022] It is a non-invasive and easily performed technique compared to other techniques used to identify subclinical atherosclerosis. In view of the heterogeneity of patients with T2DM, a wide variety of cardiovascular outcomes is observed. VA, also known as heart age, arterial age, or CVR age, is a concept that supposes that the conversion of CA to VA derived from vascular imaging data would lead to a refinement of individual CVR.[@CIT0023] Although our study is cross-sectional, reclassifying patients into a higher risk category using VA, demonstrates an improvement of risk stratification and possibly a more precise treatment in routine clinical practice. The refinement of CVR perdition using VA can be overserved in patients with and without DM. The study of Adolphe et al,[@CIT0023] where the use of VA allowed to change CVR prediction in multi-ethnic patients, and Greenland[@CIT0024] have shown that the use of VA derived from intima-media thickness (IMT) promotes a 4-5-fold increase in CVR and cerebrovascular events in relation to classical coronary risk in subjects without DM. They considered VA to be a more relevant biological measure than CA. Previous studies[@CIT0025],[@CIT0026] performed in patients with T2DM, with populations derived from own framingham cohort, caucasians and only one study with the Japanese population demonstrated that the combination of the Framingham score and IMT provided greater predictive power of cardiovascular events compared to the use of Framingham risk score alone, including asymptomatic patients. In these studies, the increase in CIMT was associated with a higher incidence of cardiovascular events in the background populations and in patients with DM. Even in patients with type 1 diabetes, the use of VA age may contribute to the identification of high CVR,[@CIT0027] although the course of cardiovascular disease is different when compared to T2DM.

However, there are controversies in studies that use CIMT for detection of subclinical atherosclerosis. In the meta-analysis of USE-IMT,[@CIT0028] the authors did not observe improvement in accuracy in risk prediction in patients with DM when measurement of the mean common CIMT was added to the Framingham risk score. However, they point out that there were some limitations of their study, such as: definition of DM, duration, severity of the disease, and use of medications in the various cohorts analyzed. In the study of Yeboah et al[@CIT0029] combining data from T2DM without clinical CVD in the Multi-Ethnic Study of Atherosclerosis (MESA) and in the Heinz Nixdorf Recall Study,[@CIT0030] the CIMT was not an independent predictor for CHD risk estimator, but this fact was noted with coronary calcium calcification (CAC). CAC was able to best predict CHD compared to other subclinical markers in T2DM.

One point to consider is about performing cardiovascular tests in evaluation of patients with DM. The Brazilian Guidelines for the Prevention of Cardiovascular Disease in Diabetes 2017[@CIT0031] recommends that the resting ECG should be performed annually in all patients with DM, even asymptomatic, due to its low cost and risk. In our study, we identified in 8.1% of patients the presence of electrocardiographic changes suggestive of ischemic coronary disease. Even all patients being asymptomatic and responded negatively to the Rose questionnaire. These patients had a median of IMT 0.80 6mm and were classified as high-risk group according to the Framingham scores. (data not shown).

Our study demonstrated that positive FH of premature CAD was associated with reclassification of the patients to a higher risk class. These data are in agreement with the study by Wang et al,[@CIT0032] which showed that subclinical atherosclerosis, assessed in the carotid arteries, was more prevalent in individuals with a family history of CHD. Parental CHD at a premature age can identify a subgroup with a strong familial cluster to vascular diseases[@CIT0033] According to the ASE consensus,[@CIT0022] patients with an FH of premature CAD should also be considered for carotid ultrasound for IMT measurement and plaque detection.

Another association was with FH of thyroid disease, although less prevalent, was associated with changing to a higher risk class. Nevertheless, considering the amplitude of the confidence interval and the missing relevant data in the literature to corroborate this association, more studies are needed to assess the influence of FH of thyroid disease in the stratification of CVR. The FH of thyroid disease is best documented in cases of differentiated thyroid cancer (DTC),[@CIT0034] which are mainly sporadic. In this condition, FH of thyroid disease is also considered a risk factor for familial tumors and may account for 5% to 15% of the cases.[@CIT0034] In spite of that, it is important to emphasize that both FH of CHD and FH of thyroid disease were self-reported.

The increase in free T4 within the normal range was associated with a lower chance of classification in the risk-increasing group. This was an unexpected result, since the increase in free T4 was not associated with a change in TSH levels. Compared with serum TSH levels, both free T3 and free T4 are less sensitive and specific in the diagnosis of thyroid disorders. Single measurements of FT3 and FT4 serum are unable to diagnose subclinical thyroid disorders.

Considering the thyroid function, almost 6% of our study population presented subclinical hypothyroidism, even considering the exclusion criteria of the study (data not shown). However, none presented TSH values higher than 10 mUI/L, which is related to the increased risk of CAD, according to previous studies.[@CIT0035],[@CIT0036] In view of patients with T2DM with no evidence of thyroid disease, Giandalia et al[@CIT0037] demonstrated that higher values of TSH within normal range were more frequent in women and younger patients and were associated with visceral obesity and higher triglyceride concentrations---two well-known CVD risk factors, although in this study, no CV outcomes were evaluated. Considering CIMT and thyroid function, in the Elsa Brazil study,[@CIT0038] after a multivariate adjustment for sociodemographic and CVR factors, subclinical hypothyroidism was associated with higher CIMT values using euthyroid subjects as the reference. However, in other studies, the authors observed that thyroid hormone was not predictive of carotid atherosclerosis when adjusted for confounders,[@CIT0039] and no significant relationship between CIMT and serum TSH levels was observed in normal, non-thyroxine-taking subjects.[@CIT0040] More studies should be carried out to evaluate the association between subclinical thyroid dysfunction and subclinical atherosclerosis measured by CIMT.

Despite not having entered the final model, possibly due to the large number of patients without or with mild retinopathy in our study, DR, mainly PDR and NPDR, severe, or moderate, has been considered a predictor of risk for CVD in patients with DM.[@CIT0041]

The use of statins in our study was related to risk of reclassification to a higher class of CVR. Although controversial, the use of statins suggests that these patients already have an increased CVR. Even though, in one study,[@CIT0034] the authors demonstrated that each 10% reduction in LDL-C was estimated to reduce IMT by 0.73% per year (95% CI, 0.27 to 1.19), the use of statins was not sufficient to prevent the reclassification to a higher cardiovascular risk group in our population of patients with asymptomatic T2DM. However, it is important to note that only 40.3% of patients were within the recommended LDL goal for high-risk patients according to the current Brazilian Cardiovascular Risk Prevention guidelines.[@CIT0031]

Some limitations of this study should be mentioned. The patients were recruited into a single tertiary care center with only internal validity. Only one TSH/Free T4 sample was collected for the determination of thyroid function, as has been done in other studies evaluating thyroid function[@CIT0038] and the determination of antiperoxidase antibodies was not performed. Another potential limitation was the reliance on self-reported FH of premature CAD and of thyroid disease, although most studies addressed this in the same way.[@CIT0034] The variation of CVR in 5% for men and 2.5% for women can also be considered a limitation because, no data in the literature to validate this variation were found. Furthermore, considering that our study was a cross-sectional one, the causal relationship among the studied variables and CVR estimated by CA or VA could not be established. No other noninvasive method was used to compare VA with CA.

Conclusion {#S0006}
==========

In our study, the use of CIMT to determine VA allows the reclassification of the CVR risk in asymptomatic T2DM patients. The predicted variables associated to reclassification to a higher risk category were: FH of premature CAD, FH of known thyroid disease, use of statins, and free T4. The use of doppler to perform CIMT measure is currently more accessible than other methods, such as coronary calcium score, myocardial scintigraphy or angio tomography of coronary arteries that are in general more expensive and invasive. This fact is an important issue, especially in a low-middle income country like Brazil, where less invasive and low-cost techniques should be encouraged, and possibly incorporated into the routine clinical practice. This study also adds the importance of using intima-media thickness to the Framingham risk score to improve the accuracy of risk stratification in patients with asymptomatic patients with T2DM in an admixed population. However, further prospective studies must be performed to establish the predictive values of CIMT as a subclinical marker of atherosclerosis on cardiovascular outcomes and evaluate how thyroid function acts like cardiovascular risk marker on CVR score of asymptomatic patients with T2DM.

The abstract of this paper was presented at the 22nd Brazilian Diabetes Society Congress as a poster presentation with interim findings. The author´s reports that this study was conducted in accordance with the Declaration of Helsinki.
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[^1]: **Notes:** Data are presented as mean ± SD or in median and interquartile range \[IQR\]. \*IMT was obtained in 152 patients.

    **Abbreviations:** N, number; FH, family history; CAD, coronary artery disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; WHR, waist-to-hip ratio; CRD, chronic renal disease AAS, acetylsalicylic acid; GFR, glomerular filtration rate calculated by CKD-EPI formula; CKD, chronic kidney disease HDL, high density lipoprotein; LDL, low density lipoprotein; TSH, thyroid-stimulating hormone; Free T4, free thyroxine hormone CRP, C-reactive protein; IMT, intima media thickness; FRS, Framingham risk score; VA, vascular age.

[^2]: **Note:** Data are presented in mean ± SD or in median and interquartile range \[IQR\].

    **Abbreviations:** FH, family history; TD, thyroid disease; CAD, coronary artery disease; BMI, body mass index; WHR, waist-to-hip ratio; CV, cardiovascular; CRP, C-reactive protein; TSH, thyroid-stimulating hormone; Free T4, free thyroxine hormone; GFR, glomerular filtration rate calculated by CKD-EPI formula; IMT, intima-media thickness.

[^3]: **Abbreviations:** F, family history; TD, thyroid disease; CAD, coronary artery disease; Free T4, free thyroxine hormone.
